Integrating invasive species policies across ornamental horticulture supply-chains to prevent plant invasions 10 While only a relatively small proportion of taxa escape cultivation, often less than 10% 102 (Hulme 2012), the sheer number of taxa cultivated results in the ornamental pathway 103 being the main source of naturalised and invasive alien plant species in natural areas 104 worldwide (Fig. 1) . 105
Annual sales of nursery stock amount to US$430 million in Canada (Agriculture-106 Canada 2015), US$500 million in Australia (PHA 2015), US$1,054 million in the United 107 Kingdom (Defra 2016) and US$4,267 million in the USA (USDA 2014). Policymakers 108 could therefore argue that plant invasions are an unavoidable minor cost incurred to 109 support an industry that delivers significant economic benefits and brings pleasure to 110 millions of gardeners. But can appropriate policies be designed to target theornamental nursery industry supply-chain such that changes to operations to mitigate 112 invasions will be most easy to implement, cost-effective and acceptable? 113
Integrating invasive species policy across the ornamental plant supply-chain 114
The ornamental nursery supply-chain involves many different actors whose roles vary 115 to be less than 50% (Oele et al. 2015) .
Sales bans can also be ineffective in limiting the negative impact of plant invasions if 187 the target species is already widespread in the region. The consultation on banning 188 plants from sale in Great Britain initially targeted 15 species, however, several of these 189 were already so widespread that the logic of any sales ban impacting on their future 190 spread was challenged by the ornamental industry and these species were not listed 191 (Fig. 3) . Even for the five species that were subsequently banned from sale, the 192 legislation will have greatest impact on the two least common species: floating 193 pennywort Hydrocotyle ranunculoides and water primrose Ludwigia grandiflora. In addition, voluntary codes of conduct need to be supported by evidence-based and 219 independent advice regarding which plant species currently on the global market are 220 potentially invasive in a particular region, so as to prevent their import, distribution and 221 sale. This requires risk assessments of many hundreds of species. Who should pay 222 for this? While risk assessment costs might be funded through an industry levy, the 223 industry can be resistant to such additional costs (Barbier et al. 2013 ). Furthermore, 224 unless an importer has exclusive rights to the sale and distribution of a plant taxon 225 there is no incentive for them to invest in costly risk assessment when their competitors 226 would also benefit from the introduction without any financial outlay. 227
Consequently, whether the cost of weed-risk assessment is borne by industry (as in 228
New Zealand) or by government (as in Australia) has a major influence on the 229 deliberate introduction of alien species by industry. Since the late 1990s, New Zealand 230 has approved fewer than 100 plant species for cultivation (EPA 2017), while over the 231 same period more than 1500 alien species have been permitted entry into Australia 232 that when the cost of weed-risk assessment is borne by the ornamental industry it can 235 be a barrier to importing new plant species but not when governments are preparedto cover the expense. However, government support is likely to be increasingly 237 dependent on either compulsory adherence or voluntary codes of conduct that are 238 widely supported, robust and verifiable. Can a change in consumer choice influence 239 the industry to be more compliant? 240
Shifting consumer values towards native and non-invasive alien plant species 241
The majority of ornamental plants are purchased by the general public (Barney 2014) . 242
Governmental and non-governmental organisations are important procurers of 243 ornamental plants but they generally account for a relatively small, and often specialist 244 (e.g. native species) share of the market (Fig. 2) . Thus, educating the general public 245 to make informed choices towards purchasing native or non-invasive plant species is 246 often seen as the main mechanism through which consumers can reduce the risk of Integration: can the whole be more than the sum of the parts? 275
The examination of four major policy instruments targeting the ornamental industry 276 supply-chain highlights that while each has the potential to contribute to reducing the 277 risk of plant invasions, none is sufficient on its own to stem the problem. However, 278 integrating these policy instruments along the ornamental industry supply-chain would 279 progressively reduce the risk more effectively. For most countries, there are few 280 mechanisms to screen potentially invasive plant species before they enter the 281 ornamental trade. This could be facilitated if the tracking, labelling and monitoring of 282 plant imports were better harmonised with national regulations addressing plant 283 health. Such activities would need to be supported by impartial and independent weed-284 risk assessment (Fig. 4) . 285
While weed-risk assessment aims to determine whether a species should be accepted 286 or rejected from import and/or sale, approximately 20% of species screened cannot 287 usually be categorised with certainty (Riddle, Porritt & Reading 2008) . Clear protocols 288 need to be followed to deal with Accepted, Rejected and Uncertain species (Fig. 4) . 289
Accepted species, whether assessed pre-or post-border, should be added to a 290 national whitelist and, upon entering the market, labelled as having a low likelihood of 291 invasion ("Green" labelling) in order to reinforce public opinion regarding such risks. 292
At the border, uncertain and rejected species should be prohibited from entry. For 293 uncertain species, data gaps that might help reduce uncertainty should be identified 294 and communicated to the industry, while rejected species are added to an appropriate 295 blacklist (Fig. 4a ). An increasing proportion of ornamental trade involves sales of 296 cultivars and varieties yet a key area of uncertainty is whether subspecies and 297 varieties should be assessed at the infraspecific or specific level. While weed risk (Fig. 4b) . Such action on its own would not be sufficient to stem 306 further spread and thus would need to be combined with an active eradication 307 campaign. Rejected species that are already widespread outside of cultivation may 308 best be targeted by voluntary sales bans supported by industry. Since voluntary bans 309 may not be met with full compliance, such species would also need to be labelled ashigh risk species ("Red" labelling) to ensure purchasers could make informed choices. 311
Eradication of these species would be infeasible but a programme of containment or 312 control within high value environments would be recommended. Uncertain species 313 would continue to be sold but labelled as intermediate risk ("Amber" labelling) until 314 more information becomes available to point to higher or lower risk. Monitoring to 315 ensure there was no evidence of establishment in natural areas would be key to 316 species retaining "Amber" labelling. 317
While the important role of government, industry and the public in stemming the threat 318 from invasive alien plants is well recognised, there has been little guidance to date as 319 to how actions appropriate for each stakeholder could be better coordinated and more 320
complementary. The foregoing scheme (Fig. 4) proposes a clearer mechanism for 321 integration but its delivery will require the development of closer partnerships between 322 government, NGOs and industry, perhaps through a joint body that oversees the 323 outcomes of independent weed-risk assessment, advances the effectiveness of codes 324 of conduct, informs priorities for sales bans, endorses appropriate labelling, and 325 promotes consumer education. Closing the plant invasion pathway associated with 326 ornamental horticulture requires government-industry agreements to fund effective 327 pre-and post-border weed-risk assessments that can be subsequently supported by 328 widely adopted, as well as verifiable, industry codes of conduct. This will ensure 329 producers and consumers make informed choices in the face of better targeted public 330 education addressing plant invasions. 331
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